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(57) Abstract 

Attribute-oriented programming-language constructs, a means for computer-programmatic implementation of software design based 
on attribute-maps where an attribute-map including attributes and applicability-predicates for defining a range of entities is shown in the 
figure. The attribute-maps are a modeling and diagramming, technique for use in software design, which depict taxonomies of attributes 
relevant to a given software problem domain, and are particularly suited to domains which are knowledge-rich and complex, such as occur 
in finance or medicine. 
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10 FIELD OF THE INVENTION 

The present invention relates to constructs for use within computer- 
programming languages. Historical examples of such constructs are those 
introduced with the disciplines of Structured Programming and Object-Oriented 
Programming. The present invention particularly relates to computer- 

15 programmatic implementation of software designs based on attribute-maps, 
which are a technique for creating models and representative diagrams of 
knowledge-rich domains, by systematic taxonomization of the relevant attributes 
of domain objects. 

BACKGROUND OF THE INVENTION 

20 Each new computer-programming paradigm has brought with it new 

prograrnming-language constructs. Structured programming incorporated the 
use of the "for ... next" construct, the "if ... then ... else" construct, and the 
"while... do..." construct. Current-practice object-oriented programming 
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incorporated the programming-language constructs for class declaration and for 
the application of member functions. 

The present invention improves upon the constructs of current-practice 
object-oriented programming by providing means for the computer-programmatic 
5 implementation of software designs created using attribute-maps. Attribute-maps 
are covered in a separate patent application, and the prior art pertaining to their 
invention is described therein. An example attribute-map is given in Figure 1, for 
use in later exposition. 

SUMMARY OF THE INVENTION 
10 The inventions described herein include: 

1) An attribute-oriented programming-language construct termed the 
applies-if guard. 

2) A technique of attribute-oriented method declaration using the applies- 
if guard. 

15 3) An attribute-oriented programming-language construct termed the 
applies-if block. 

In brief, the present invention (in at least one of its embodiments) includes 
a method for writing computer programs using a high-level computer language. 
The method includes the steps of: 1) defining an attribute; and 2) defining an 
20 applicability-predicate associated with the attribute, the applicability-predicate 
defining a range of entities to which the attribute applies. 

Advantages of the invention will be set forth, in part, in the description that 
follows and, in part, will be understood by those skilled in the art from the 
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description herein. The advantages of the invention will be realized and attained 
by means of the elements and combinations particularly pointed out in the 
appended claims and equivalents. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a 

part of this specification, illustrate several embodiments of the invention and, 

together with the description, serve to explain the principles of the invention. 

5 Figure 1 is a block diagram of an attribute map as used by an 

embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Reference will now be made in detail to preferred embodiments of the 

invention, examples of which are illustrated in the accompanying drawings. 

Wherever convenient, the same reference numbers will be used throughout the 

5 drawings to refer to the same of like parts. 

To introduce the AO (attribute-oriented) programming-language construct 

inventions, a generic class notation is first used to denote an example 

declaration from current-practice object-oriented programming: "There is a class 

Mammal with a method hair-length ()". 

1 0 class Mammal is-subclass-of Animal 

{ 

hair-length (); 

} 

This class's one method is an observer referring to an attribute. The return 
1 5 type of the method is omitted for clarity. 

Current-practice object-oriented programming allows only a highly 
restricted type of answer to the (evidently-redundant) programming question: "to 
what sorts of objects is the hair-length () method applicable?" The only type of 
answer allowed is, "to objects in the class Mammal" (i.e. objects that have 
20 attributes that put them in the Mammal class). 
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Attribute-oriented programming extends the possible types of answers to 
this question, allowing the applicability of methods to be more flexibly 
determined. To elaborate on this, additional notation is introduced. It is 
conceptually non-problematic to re-cast the class declaration above as: 

5 class Mammal is-subclass-of Animal 

{ 
} 

Mammal hair-length (); 
10 Which trivially divides the class declaration into, "There is a class 

Mammal", followed by, "Within the class Mammal, there is a method hair-length 
()". Inspecting this alternative notation, it becomes evident that, along with the 
signature of a method, the computer programmer is also specifying a type of 
applicability-condition for the method. The applicability-condition can be 
15 described using the following notation: 

(p : | p is-of-class Mammal).hair-length (); 

This reads "for p such that p is of class Mammal, the method hair-length () 
is applicable". Thus the method-declaration has the form: 
(<class-membership-predicate>).<method>(<args>); 
20 Attribute-oriented programming allows other kinds of applicability 

conditions, so that in general a method-declaration can have the form: 
(<applicability-predicate>).<method>(<args>); 

The inventors term the parenthesized predicate an applies-if guard, and 
this technique of method-declaration is termed AO method-declaration. 
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Use of the AO method-declaration construct will be explicated in ah 

example here by encoding the attribute map shown in Figure 1 . (The following 

notation employs the "==" convention for denoting the equality predicate.) 

Tor p in general, is-animal () applies." 
5 (p :| true).is-animal (); 

"For p such that p.is-animal () holds, habitat () applies." 
(p :| p.is-animal ()).habitat (); 

And so forth... 

(p :| p.is-animal ()).zooclass (); 
10 (p :| p.zooclass () == mammal). hair-length (); 

(p :| p.zooclass () == mammal).weaning-period (); 
(p :| p. habitat () == water). in-saline-water (); 
(p :| p. habitat () == water). mates-in-water (); 
(p :| p.habitat () == water).diving-depth (); 
15 Note that the applies-if guard "p.is-animalO" holds implicitly for the hair- 

length () method (e.g.), since the zooclass () attribute in the latter's applies-if 
guard is itself only applicable when "p. is-animal ()" holds. 
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The notation here is augmented to allow indication of the appropriate 
validity condition for each declared method, by the use of a valid-if clause. 
(Intuitively speaking, valid-if clauses specify the values that attributes can take 
on, or more generally the values that methods can return, and are a 
5 generalization of type specifications.) 

"The value of is-animal () is a boolean value." 

(p :| true).is-animal (): 

is-animal() == <booleah>; 

"The value of habitat () is either land or water." 
10 (p :| p.is-animal ()). habitat (): 

habitat () == land or habitat () == water; 

And so forth... 

(p :| p.is-animal ()).zooclass (): 

zooclass () == bird or zooclass () == mammal; 

15 (p :| p.zooclass () == mamrnal).hair-length (): 

hair-length () == short-hair or hair-length () == long-hair; 

(p :| p.zooclass () == mammal).weaning-period (): 
weaning-period () == <integer>; 

(p :| p.habitat () == water).in-saline-water () 
20 in-saiine-water () == <boolean>; 

(p :| p.habitat () == water). mates-in-water () 
mates-in-water () — <boolean>; 

(p :| p.habitat () == water).diving-depth (): 
diving-depth () == <integer>; 



8 



WO 00/43873 PCT/USOO/00490 

The use of the applies-if guard may be extended to another AO 

programming construct, the applies-if block. The applies-if block is used to 

collect methods that share a given applies-if guard: 

(p:|true) 
5 { 

is-animal () : 

is-animal () == <boolean>; 

} 

(p :| p. is-animal ()) 
10 { 

habitat (): 

habitat () == land or habitat () == water; 
zooclass (): 

15 zooclass () == bird or zooclass () == mammal; 

} 

(p :| p.zooclass () == mammal) 
{ 

hair-length (): 

20 hair-length () == short-hair or hair-length () == iong-hair; 

weaning-period (): 

weaning-period () == <integer>; 

} 

25 (p :j p. habitat () == water) 

{ 

in-saline-water (): 

in-saline-water () == <booiean>; 

30 mates-in-watero : 

mates-in-water () == <boolean>; 



35 



diving-depth (): 

diving-depth () == <integer>; 
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In some cases, all of the methods appearing within an applies-if block can 
be assumed to be taken with respect to the guard's object variable (e.g. "p" 
above). In these cases, an abbreviated notation may be used for the applies-if 
guard: 

(true) 
{ 

is-animal () 

is-animal () == <boolean>; 

} 
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(is-animal ()) 
{ 

habitat (): 

habitat () == land or habitat () == water; 
zooclass () 

zooclass () == bird or zooclass () == mammal; 

} 

20 (zooclass () == mammal) 

{ 

hair-length () 

hair-length () == short-hair or hair-length () == long-hair; 

25 weaning-period (): 

weaning-period () == <integer>; 

} 

(habitat () == water) 
30 { 

in-saline-water (): 

in-saline-water () == <boolean>; 

mates-in-water (): 
35 mates-in-water () == <boolean>; 

diving-depth (): 

diving-depth () == <integer>; 
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It may be noted that there is some similarity between applies-if blocks and 
class declarations. This similarity exists because traditional class-hierarchy- 
usage is, in some sense, a special case of more generalized of AO 
programming. The AO-programming generalization of classes are applicability 
conditions, and the AO-programming generalization of class declarations are 
applies-if blocks. AO-programming is more general because, within the AO 
constructs, any configuration of attributes can provide the context within which 
methods are declared. 

Other embodiments will be apparent to those skilled in the art from 
consideration of the specification and practice of the invention disclosed herein. 
It is intended that the specification and examples be considered as exemplary 
only, with a true scope of the invention being indicated by the following claims 
and equivalents. 
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WHAT IS CLAIMED IS: 

1 . A high-level computer language construct comprising: 
an attribute; and 

an applicability-predicate associated with the attribute, the 
applicability-predicate defining a range of entities to which the attribute 
applies: 

2. A construct as recited in claim 1 wherein the attribute is a method 
declaration. 

3. A construct as recited in claim 1 wherein the applicability-predicate 
has the form "for x such that x is of y" where x is a variable and y is a known 
range of entities. 

4. A construct as recited in claim 3 wherein y is defined using an 
expression. 

5. A construct as recited in claim 1 wherein the entities within the 
range of entities are class members. 

6. A construct as recited in claim 5 wherein the attribute is a method 
declaration and wherein the construct defines the class members to which the 
method is declared. 
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7. A construct as recited in claim 1 that further comprises a valid-if 
clause, the valid-if clause defining a range of values that are associated with the 
attribute. 

8. A construct as recited in claim 7 wherein: 
the attribute is a method declaration; 

the applicability-predicate defines a range of class members; and 
the valid-if clause defines the values that the method may return. 

9. A high-level computer language construct comprising: 
a block including at least one attribute; and 

an applicability-predicate associated with the block, the 
applicability-predicate defining a range of entities to which the block 
applies. 

10. A construct as recited in claim 9 wherein the attributes in the block 
are method declarations. 

11. A construct as recited in claim 9 wherein the applicability-predicate 
has the form "for x such that x is of y" where x is a variable and y is a known 
range of entities. 

12. A construct as recited in claim 11 wherein y is defined using an 
expression. 
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13. A construct as recited in claim 9 wherein the entities within the 
range of entities are class members. 

14. A construct as recited in claim 13 wherein the attributes in the block 
are method declarations and wherein the construct defines the class members to 

3 which the methods are declared. 

15. A construct as recited in claim 9 wherein the block includes at least 
one valid-if clause, the valid-if clause defining a range of values that are 

3 associated with one of the attributes in the block. 

16. A construct as recited in claim 1 5 wherein: 

the attributes in the block are method declarations; 
3 the applicability-predicate defines a range of class members; and 

each valid-if clause defines the values that a respective method 
may return. 

17. A method for writing computer programs using a high-level 
computer language, the method comprising the steps of: 

3 defining an attribute; and 

defining an applicability-predicate associated with the attribute, the 
applicability-predicate defining a range of entities to which the attribute 
6 applies. 

18. A method as recited in claim 17 wherein the attribute is a method 
declaration. 

14 
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19. A method as recited in claim 17 wherein the applicability-predicate 
has the form "for x such that x is of y n where x is a variable and y is a known 

3 range of entities. 

20. A method as recited in claim 19 wherein y is defined using an 
expression. 

21. A method as recited in claim 17 wherein the entities within the 
range of entities are class members. 

22. A method as recited in claim 21 wherein the attribute is a method 
declaration and wherein the construct defines the class members to which the 

3 method is declared. 

23. A method as recited in claim 17 that further comprises a valid-if 
clause, the valid-if clause defining a range of values that are associated with the 

3 attribute. 

24. A method as recited in claim 23 wherein: 
the attribute is a method declaration; 

3 the applicability-predicate defines a range of class members; and 

the valid-if clause defines the values that the method may return. 

25. A method for writing computer programs using a high-level 
computer language, the method comprising the steps of: 

3 defining a block including at least one attribute; and 
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defining an applicability-predicate associated with the block, the 
applicability-predicate defining a range of entities to which the block 
6 applies. 

26. A method as recited in claim 25 wherein the attributes in the block 
are method declarations. 

27. A method as recited in claim 25 wherein the applicability-predicate 
has the form "for x such that x is of y" where x is a variable and y is a known 

3 range of entities. 

28. A method as recited in claim 27 wherein y is defined using an 
expression. 

29. A method as recited in claim 25 wherein the entities within the 
range of entities are class members. 

30. A method as recited in claim 29 wherein the attributes in the block 
are method declarations and wherein the method defines the class members to 

3 which the methods are declared. 

31. A method as recited in claim 25, further comprising the step of 
defining at least one valid-if clause within the block, the valid-if clause defining a 

3 range of values that are associated with one of the attributes in the block. 

32. A method as recited in claim 31 wherein: 

the attributes in the block are method declarations; 
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3 the applicability-predicate defines a range of class members; and 

each valid-if clause defines the values that a respective method 
may return. 
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